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ELECTROCHEMISTRY IN CSP SYSTEMS

MOLTEN SALT ELECTROCHEMISTRY

» Electrochemical phenomena and
approaches are enormously important
in electrolytic systems such as molten
salts

» Electrochemical phenomena govern
the corrosivity of the salt and dictate
the lifespan of equipment

» Electrochemical techniques can be
leveraged to:

— Monitor the health of the salt
— Control the health of the salt

— Understand and quantify the underlying
thermodynamic and kinetic properties of
the salt
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ELECTROCHEMISTRY IN CSP SYSTEMS

FUNDAMENTAL PROPERTIES

Electrochemical techniques can be
used to extract crucial fundamental
properties for the molten salt and its
accompanying impurities and
corrosion products

= Thermodynamics of key corrosion
reactions

= Mass transfer properties of
dissolved species (diffusion
coefficients)

= Thermogalvanic coefficients

= Reaction kinetics (e.g., decay rates
of impurities such as MgOHCI)

ENERGYm g“;brueh’i. ey

125 1.00 T
g 204
B 550°C ’ B 550°C o

120 @ 650°C B 095 © 650°C| -
S A 750°C " .f She A 750°C B .0 0 a
& - =% & O o
o115 = o o) (% A :

e 204 .
2 -7 |ge” ,A/AA = 090 - & <
z L , = A £
® 1.10 A 3 _ = -0 o

2 A Y ¥d 2 o -7 Q
5 (5] - 5 085 o " .
£ 1.05 = - 60 o
2 - 2 A
<] = S
o A o 0.80 -80 .

1.004

-100 g
0.95 T T 075 T T T T
5E-5 5E-4 0.005 2E-4 0.001 0.01 0 5 10 15 20 25 30 35 40
Xgez- mole fraction Xgermole fraction AT ()

Formal Potentials of Key Corrosion Products (Cr, Fe)

Thermogalvanic Behavior

Diffusion Coefficients

3.2x10°
2.8x10°
2.4x10° B D
~ @ D
2x10° =
e. |
0 1.6x10° >
£ S
5 L & i
Q 1.2x10° 4 ~ 2|
L
8x10®
T T T
9.0x10* 1.0x10° 1.1x10° 1.2x10° 1.3x10°
T (1K)

MgOHCI Decomposition Rates

2.5x10*

2.0x10*

1.5x10

CoH (mollcma)

1.0x10

5.0x10°

C=C,exp(-kt)
A\

B 450 ppm
@ 900 ppm
/A 1800 ppm

10000 20000

t(s)

30000 40000

Argonne &

ATIONAL LABORATORY



ELECTROCHEMISTRY IN CSP SYSTEMS

PURIFICATION SYSTEM MONITORING AND CONTROL

Electrochemical approaches can provide monitoring and control of the salt purification processes that must
be run before the salt can be used as a suitable heat transfer fluid. Tests at small scales enable
development of the purification processes, while use at full scale ensures the system is run optimally.
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ELECTROCHEMISTRY IN CSP SYSTEMS

FLOW LOOP MONITORING

Electrochemical sensors are able to provide key in-line measurements of the salt chemistry and redox
state. The measurements are acquired by analyzing the salt’s response to electrical signals that are applied

to immersed electrodes.
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ELECTROCHEMISTRY IN CSP SYSTEMS

CORROSION CONTROL

= Salt monitoring can be used in tandem with
corrosion control capabilities to maintain
the salt in a healthy state.

» Electrochemical approaches such as
electrolysis can be readily used to remove
corrosive impurities.

» The rate of actuation of the corrosion
control systems can be automated to
control the salt redox potential within the
desired range

— Salt potentials that are too high lead to
oxidation of structural alloys

— Salt potentials that are too low lead to
undesired alloying
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ELECTROCHEMISTRY IN CSP SYSTEMS
MULTISCALE THERMAL CONVECTION LOOP SIMULATIONS

The combination of multiscale electrochemistry numerical solvers and the experimentally-derived fundamental
physicochemical and thermochemical properties enables full-scale simulations of corrosion and chemistry in CSP-
relevant flow loops
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